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The anomaly of the summer sea temperature is analyzed by a spa-
tial-temporal synthetically rotated orthogonal function (REOF) at three 
different depths (0 m, 40 m, and 120 m) over the area 110°E~100°W and 
30°S~60°N. The spatial-temporal distribution shows that the “signal” of an-
nual anomaly is stronger in the sub-surface layer than the surface layer, and 
it is stronger in the eastern equatorial Pacific than in the western area. The 
spatial structure of the sea temperature anomaly at different layers is related 
to both the ocean current and the interaction of ocean and atmosphere. The 
temporal changing trend of the sub-surface sea temperature in different 
areas shows that the annual mean sea temperature increases and the annual 
variability evidently increases from the 1980s, and these keep the same 
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1. Introduction
Since the El Nino phenomenon has brought to the public’s attention, the ocean has attracted more and more meteorologists to pay attention to it. There 
are many important research results on the ocean and the 
interaction between ocean and atmosphere. However, 
most of the research is based on the observed sea sur-
face temperature (SST) or the analysis of the single layer 
ocean. On the whole, there is not only the horizontal, but 
also the vertical exchange in the ocean. It is indicated that 
the annual vertical temperature gradient is much larger 
than that in the horizontal direction. Therefore, vertical 
structure of ocean should be paid more attention when 
analyzing the distribution of ocean temperature [1]. The 
mechanism for the various warm-pool anomalies in the 
western Pacific has indicated that the warm-pool sub-sur-
face sea temperature anomaly in the western Pacific which 
plays important role in the El Nino event, since it connects 
closely with the western passing of the northern equatorial 
current temperature’s abnormal signal. It has been proven 
that the warm-pool abnormal warm water in the western 
Pacific mainly comes from northern equatorial current, 
which is aroused by the subduct of surface warm water 
in the Middle East Pacific along with the thermocline, 
which can reach up to 120 m in the area of warm pool in 
the western Pacific. During the period between the end of 
the El Nino event and the onset of the La Nina event, the 
sub-surface abnormal warm water in the northern equa-
torial current area (in the vicinity of 10°N) spreads from 
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the Middle East Pacific to the western Pacific warm pool 
subduct along with the thermocline, and the abnormal 
warm water signal continually increases and extends, and 
finally the warm water controls the whole western Pacif-
ic, and provides the essential conditions for the onset of 
an El Nino event [2]. Results of Chao et al (2002) showed 
that the initial ocean temperature departure of El Nino 
or La Nino aroused by the observation mainly appeared 
in the thermocline at about 150 m in a warm pool; when 
its intensity reached up to a specific threshold, it would 
spread to the tropic western Pacific along with climatic 
thermocline and move up to the sea surface. In the west-
ern boundary of the Pacific, the abnormally forced by the 
atmosphere can arouse sub-surface temperature anomaly, 
which spreads to the ocean east, mainly with an east-
spread Kelvin wave, and arouses the anomaly in the whole 
ocean [3]. The sea temperature in the upper layer tropical 
Pacific Ocean has shown that there is a relationship be-
tween the various features of ocean surface in the area of 
the western Pacific warm pool (0-16°N, 125-145°E) and 
the sub-surface ocean temperature in the western. It is dis-
covered that there is a remarkable annual anomaly of ver-
tical temperature in the western Pacific warm pool, with 
the most evident area appears in the sub-surface (120-
200 m). The sub-surface change signal of temperature in 
the western Pacific “warm pool” is clearly earlier than 
the ocean temperature’s anomaly in the western Pacific 
sub-surface. The sub-surface ocean temperature in Pacific 
“warm pool” area has a pronounced inter-annual anom-
aly, and there was negative departure during the El Nino 
period and positive departure during the La Nino period 
in the warm pool area. The sub-surface sea temperature 
departure in the warm pool area has a distinct decreas-
ing trend and the descending rate of the temperature is 
-0.2°C/10a. During the process of the ENSO cycle, the 
anomaly signal of the sub-surface sea temperature in the 
equatorial western Pacific appears firstly in the warm pool 
area, and the abnormal signal becomes much stronger and 
then spreads to the east and the equator, finally it spreads 
to the surface (under the force of the atmosphere) from 
the equatorial western Pacific to Middle East Pacific along 
with thermocline when the intensity reaches up to a spe-
cific threshold. The period of diffusion perhaps needs 18 
months, in other words, the sub-surface abnormal signal 
of the sea temperature in warm pool is an important con-
dition for the anomaly of the ocean temperature field in 
the western Pacific. Therefore, the anomaly of sub-surface 
ocean temperature in the warm pool area is essential for 
the occurrence of an El Nino event or La Nina event[4]. 
Chao et al thought that the profound mixing layer (which 
has a large thermal capacity) is connected with the feeble 
interaction of atmosphere. Some researches also showed 
that the sub-surface sea temperature in Pacific orderly 
come through an evident inter-decadal eruption from up to 
down in around 1980 [4]. 
Recently, the sea surface is of increasing interest for 
meteorologists because the annual signal in the deep lay-
er is stronger than the surface layer. Zhang et al. studied 
the three dimensional structure of sea temperature at the 
sub-surface and the characters of decadal evolution of 
changing rate in the northern Pacific, they suggested that 
anomaly of sub-surface temperature circumgyrated deasil 
round the subtropical vortex go with average circumflu-
ence. It is evident that this signal is connected with the 
subduct of temperature anomaly in the “window” area 
of middle latitude, and this feature especially reflects the 
action of the Rossby wave. The analyses on isopycnal sur-
faces reveals two preferential paths of temperature vari-
ability which rounding subtropical vortex on the decadal 
scales, where one is the southwest subduct path derived 
from the east of northern Pacific center, and another is the 
subtropical path derived from the east of subtropical to 
tropical and boundary towards west [5-7]. 
All the above and other research [8-12] shows that 
sub-surface sea temperature changes are closely connect-
ed　with surface temperature change in the Pacific, and 
the vertical ocean temperature change and distribution are 
closely connected with El Nino and La Nina [13-17].
The next section provides information on the data and 
method. Section 3 mainly discusses the three dimensional 
spatial character of sea temperature field in Pacific. The 
temporal evolution of summer sea temperature in Pacific 
is analyzed in Sections 4. Conclusion and discussion are 
given in the final section.
2. Data and Method
2.1 Data
The monthly mean sea temperature comes from the ocean 
laboratory of environmental data analysis center (JEDAC) 
of American Scripps [18-19], with the period of January 1995 
to December 1998, and the area of 60°S-60°N, 0°-360°. 
The spatial resolution of the sea temperature is5°×2°, and 
the vertical layers are 0 m, 20 m, 40 m, 60 m, 80 m, 120 
m, 160 m, 200 m, 240 m, 300 m, 400 m, respectively. The 
layer used in this study is 0, 40 and 120 m, respectively, 
and the area is from 110°E to100°W, and from 30°S to 
60°N. 
2.2 Method
In order to analyze the three dimensional structure of 
multi-layer sea temperature, the spatial-temporal integrat-
DOI: https://doi.org/10.30564/jasr.v3i2.1999
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ed REOF is used in this study. Supposing the data matrix 
of the average sea temperature departure field at L layer 
is F L MN× , N is the number of temporal sample and M is 
the number of spatial grid. We turn every layer data into a 
new matrix:
F LMN× ={ }FFF L MNMNMN ××× .......21
Count its real symmetry matrix:
FFS LMNNLMLMLM ××× ⋅= '
The sub-matrix j MNi NMij FFS ×× ⋅=  is the covariance of i 
layer and j layer in isobaric surface of monthly mean sea 
temperature departure field, when i=j, Sij becomes surface 
of monthly mean temperature departure field, when i=j, Sij 
becomes the self covariance matrix of monthly mean sea 
temperature departure field in i layer, so the real symmetry 
matrix, not only contents the self distributing information 
of each layer’s temperature anomaly, but also the informa-
tion of interconnection of each layer’s temperature depar-
ture. Because of the rationale of EOF, the eigenvector of 
real symmetry matrix LMKV ×0 composes the basic field of 
matrix LMNF × , and also includes the inter-actional informa-
tion of each layer’s temperature departure.






LMKKNLMN VTF  (1)
K0 is the truncated wave number. If we have the eigen-
















(λk is the corresponding eigenvalue of the kth eigenvec-
tor)
In formula (1), 0KNT ×  is the temporal coefficient matrix 
of EOF, which includes the character of temporal evolve-
ment of each layer’s whole structure anomaly field, where 
LMKV ×0  is the eigenvector matrix of EOF, and it can be 
taken apart in several sub-blocks:
{ }VVVV L MKMKMKLMK ×××× = 02 01 00 ..........
Every sub-block represents the distributing structure 
of spatial function of some eigenvector in L layer. In this 
work, N=45, L=3, LM=3118.
In order to highlight the regional feature of sea tem-
perature anomaly, rotating orthogonal analyzing method 
(REOF) is used to EOF [20], rotating each two spatial vec-
tors in order in the time of rotating, the factors that are 
rotated are made certain according to astringency (using 
the former tenth weight in here), the rotating can be re-
peated, finally making every rotating total variance to get 
to the maximum. In the actual calculation, we can study 
the critical value as the end of adjusting spatial function; 
we rotate the former tenth vector in our work.
The advantage of this method is that orthogonal func-
tion outspread can turn the spatial dot from high dimen-
sion down to low dimension, and compress and centralize 
the spatial-temporal information. Meanwhile, through 
transforming different elements’ field matrix, the matrix 
includes the information of different elements’ field in the 
temporal and spatial. The eigenvector field obtained using 
Experience Orthogonal Function (EOF) transformed ma-
trix not only includes the spatial-temporal feature of some 
elements, but also includes the interaction of the different 
elements’ field. Because the rotating calculation is made 
on the basis of vector space obtained by the EOF, the RLV 
of REOF can better reflect the regional feature [21]. 
3. The Three Dimensional Spatial Character 
of Sea Temperature Field in Pacific
Table.1 shows that the astringency of summer sea tem-
perature in the Pacific is slow, it carries the complexity of 
sea temperature annual change in three-dimensional spa-
tial. The eigenvector obtained by REOF mainly centraliz-
es on the first 4 weights, thus only the spatial structures of 
the first 4 eigenvectors’ fields are analyzed in this study.
Because of the area whose absolute value is larger and 
has more contribution to the variance, the spatial function 
of each eigenvector only works when analyzing and dis-
cussing an area with a large value. In the following sec-
tions, our discussion will focus on analyzing the character 
of spatial distribution and annual change in an area with a 
large value (which is called the sensitive area, the absolute 
value ≥α 0.01≈0.37 in this paper).
Table 1. fitting variances of the first 9 eigenvectors of the 
departure fields
Order number 1 2 3 4 5 6 7 8 9 ∑
RLV 15.0 9.9 7.0 4.4 4.0 3.3 3.0 2.9 2.9 52.4
The sea surface over the middle to east equatorial 
Pacific is the area where the RLV1 is positive and large. 
The large value area has more attribution and is the most 
sensitive area of the annual abnormal change. The posi-
tive largest value is at 170°W-140°W, 0-10°N. The RLV1 
occupies more than 80% of the annual change variance 
of the sea temperature in this area, which is the most 
sensitive area of surface sea temperature annual change 
in Pacific, and this area is relatively the same as the area 
where El Nino occurs (Figure 1.a). There are two extreme 
negative centers; one is centered at the middle to east Pa-
cific (30°N, 170°W-150°W) and another is centered at the 
zonal area from Indonesia to the northern Australian sea 
area. The annual change in the area of the east equatorial 
DOI: https://doi.org/10.30564/jasr.v3i2.1999
4
Journal of Atmospheric Science Research | Volume 03 | Issue 02 | April 2020
Distributed under creative commons license 4.0
Pacific changes oppositely with the sea temperature in the 
area of the western ocean, which is centered at the warm 
pool and the middle to northern Pacific.
The sea temperature distribution at the depth of 40 m 
basically has the same characteristic as the sea tempera-
ture’s annual change (Figure 1.b). The area that has the 
largest annual change is basically the same as the surface 
in the spatial distribution, which shows that the deep sea 
temperature’s change is mainly influenced by the surface.
With the increasing of depth, the influence of ocean 
surface decrease at the depth of 120 m, and the distribu-
tion of sea temperature inter-annual variations is obvi-
ously different compared to that at 0-40 m. Firstly, the 
positive value area of middle to west Pacific in 0 m turns 
to the southeast, the center is on the sea area of the equa-
torial south. Secondly, the intersecting area between west 
wind drift and the ocean current of California is the area 
which has larger annual various, and so we should pay 
more attention to the warm pool area of the eastern ocean 
surface in Philippines which is the sensitive area of oppo-
site interannual change, i.e., there is a negative center in 
the area 10°N, 140°E-150°E, and which is connected with 
eastern positive changing area that forms the ‘Seesaw’ 
which forms along in a quasi-east-west direction.
By analyzing the three layers’ sea temperature change, 
we discover that each horizontal layer’s sea temperature 
change presents the most sensitive area of interannual 
anomaly of sea temperature in the area of southeast Pa-
cific and north Pacific, which is similar to the SST distri-
bution of El Nino. At the deeper layer of 120m, the inter-
annual anomaly feature has the opposite phase change of 
northwest-southeast in the equatorial south and north. The 
annual anomaly of northern west wind drifts and the Cali-
fornian warm current is another sensitive area that should 
be paid more attention to. The “signal” of the annual 
anomaly of Sub-surface sea temperature which a reverse 
phase change in east - west direction at 120m can trans-
fer upwards under some conditions, but it is not obvious 
at an under sea level of 120m; that is to say, the “signal” 
of annual anomaly in eastern Pacific appears earlier in 
sub-surface than in surface, and the annual anomaly signal 
of El Nino happens earlier in sub-surface. Hence, in other 
words, although the area of warm pool has a higher aver-
age of sea temperature than any other ocean area in sur-
face, because it is adjusted by factors, such as wind, and 
exchanges the energy between ocean and atmosphere, it is 
relatively stable. The annual anomaly in the eastern Pacif-
ic is larger. The annual anomaly of surface temperature in 
eastern area of Pacific is larger at the depth of 120m.
The first eigenvector of REOF frankly reflects the in-
ward relationship of the sea temperature departure field 
in different layers (Figure 1). We can restrainedly infer 
the ocean temperature vertical variations by the spatial 
distribution of three layers’ sea temperature, the physical 
character of seawater in surface is relatively uniform, and 
the annual anomaly’s spatial difference of sea temperature 
is also relatively homogeneous. The sea temperature has 
the character of nearly barotropity in the vertical, while 
the depth is more than 120 m and the character is a similar 
baroclinity. The sensitive area of sea temperature’s annual 
anomaly indicates the southern excursion commencing 
from up to down, the homodisperse decrease, and the 
change is of an opposite phase change in an east-west 
direction which reflects the circumfluence of sea water ex-
change existing in deeper sea temperature. 
Figure 1. The first eigenvector’s distribution (RLV) in (a) 
10 m, (b) 40m, and (c) 120 m
DOI: https://doi.org/10.30564/jasr.v3i2.1999
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Figure 2 shows the spatial structure of every layer’s 
sea temperature corresponding to the second eigenvector. 
Figure 2.a shows the sensitive area of annual anomaly 
on surface which has two main waves, the oscillation 
between the Kuroshio and the west wind drift shows op-
posite annual phase change in the two areas; another wave 
transforming along the direction of east-west shows an 
annual oscillation in the southeastern Pacific and in large 
areas of middle to east Pacific, the latter is stronger than 
the former. The transforming direction of wave at 40m is 
basically the same as that over the surface fig.2b, and the 
all sensitive area of annual anomaly sea temperature has 
the same position and distribution as Figure 2.a. It hardly 
superposes with Figure 2a in the sea area of the equatorial 
south; the annual anomaly in the area of west wind drift is 
relatively weaker, its position is further south, and its area 
relatively decreases, which reflects the shallow feature 
and the vertical baroclinity of west wind drift. That is, the 
vertical amplitude of wave in the direction of east west is 
large and relatively stable. The feature of middle-west Pa-
cific in southern equatorial at 120m is that sensitive area 
of annual anomaly retreat to the east equatorial Pacific, 
the area becomes smaller (set the 0.4 as boundary), and 
the annual anomaly in the region of eastern Pacific and 
Kuroshio has already become weaker compared with the 
surface and sub-surface. 
Figure 2. Similar to Figure 1, but for the second eigen-
vector
It is still nootable that there is an interannual anomaly 
sensitive area of symmetry distributing in a horizontal 
direction of sub-surface in this set of charts. Especially 
the sea temperature change has an opposite phase between 
the east equatorial Pacific and west Pacific, connected 
with Walker circulation, warming water area located near 
Indonesia and the west Pacific equatorial, and the sea tem-
perature is lower in east equatorial Pacific. We can find 
a similar result with the first eigenvector in the vertical 
structure, and there is barotropic character in sub-surface.
Figure 3 is the third eigenvector of sea temperature’s 
spatial structure. The feature is that there is a wave trans-
forming in the direction of south-north and the main 
changing area is north of the Pacific. The main sensitive 
area of the sea surface is centralized in the northern equa-
torial area (Figure 3), and the sensitive area of tempera-
ture’s inter-annual anomaly appears + -- - -- + symmetry 
distributed along from the north to south. The distribution 
of sea temperature at the 40m layer (Figure 3.b) has a sim-
ilar situation with above the sea surface. We can also find 
the symmetric distribution of the sensitivity area; howev-
er, the annual anomaly of west wind drift becomes a little 
stronger. At the 120m layer (Figure 3.c), there is still a 
wave transforming in the direction of north to south, but 
the spatial scale is relatively small and the sensitive area 
of temperature’s interannual anomaly is quite random, 
every large value’s area of sea temperature’s interannual 
anomaly clearly reduces compared with the former two 
layers, but we can also find the same distributing pattern 
of sensitive area with the first two layers in the ocean 
surface of the Northern Hemisphere. Simultaneously, the 
spatial area of wave transforming expands to the south, 
that is to say the scale of wave transformation becomes 
small, but the transforming range becomes large at 120m. 
DOI: https://doi.org/10.30564/jasr.v3i2.1999
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    b 
    c 
Figure 3. Similar to Figure 1, but for the third eigenvector
Along section of south - north, the sea temperature’s 
change in the area of the tropical and subtropical Pacific 
has a connection of an opposite phase with a sea tempera-
ture change in the area of middle or high latitude of Pa-
cific. This pattern of ‘Seesaw’ along the section of south 
to north inosculates with the NPO and also indicates the 
close relation between sea temperature’s field and the field 
of air pressure.
The sensitive area of the western equatorial Pacific is 
represented more clearly in the three layers in the fourth 
eigenvector of the sea temperature’s spatial distribution 
(Figure 4). Because of the influence of the warm equato-
rial ocean stream, the warm water accumulates in the area 
of the west equatorial Pacific and forms the ocean area 
that has the highest average whole Pacific sea tempera-
ture, which is called the ‘warm pool’ area. The sensitive 
area of sea temperature’s interannual anomaly represented 
by the fourth eigenvector corresponds well to the position 
of “warm pool”. We can discover from Figure 4 that the 
position of the warm pool in the shallow ocean area and 
the influenced area does not change too much, while the 
anomaly area is separated into two parts at the deeper 
layer of 120m, the southern equatorial part expands to 
the east and that reflects the existence of different ocean 
stream exchange; that is to say, the discord caused by the 
characteristic and property of sub-surface and surface’s 
ocean stream, brings the change of the sea temperature’s 
distribution in up and down. 
    a 
    b 
    c 




Journal of Atmospheric Science Research | Volume 03 | Issue 02 | April 2020
Distributed under creative commons license 4.0
Based on the above analysis, the spatial distribution 
of the sea temperature’s structure in Pacific is not only 
closely related to the action of ocean stream, but also to 
the atmospheric circulation. The position and distribution 
of the sensitive area of the sea temperature in surface and 
sub-surface correspond well with that of ENSO, NPO and 
Walker circulation, which shows the interaction between 
the ocean and the atmosphere.
The first four eigenvectors reveal almost the total struc-
ture of the barotropy of the subsurface sea temperature 
field. This barotropy will be replaced by the baroclinity 
when the depth increases and reached to some level.
4. Temporal Evolution of Summer Sea Tem-
perature in Pacific
Studies have shown that the interannual anomaly of sea 
temperature has increased evidently since 20th century, es-
pecially in middle to east Pacific, and the annual variability 
is still at the high stage since 1980s from the changing trend 
[4,22-25]. In order to analyze the temporal evolution of the 
summer sea temperature, the most sensitive area of the an-
nual sea temperature anomaly in different layers is chosen 
in this study, the regional average is used to indicate the av-
erage sea temperature of this area. Figures 5-7 is the curve 
of average sea temperature change and the 2 orders fitting 
in different layer of the sensitive area. Meanwhile for a 
better compare and analysis, a sensitive area on every layer 
is made the most same at Ocean region, and represents the 
east equatorial Pacific, middle Pacific and west Pacific.
From Figures 5-7, it can be seen that the sea tempera-
ture in Pacific shows the opposite phase’s change in the 
part of south and north. The SST in east equatorial Pacific 
shows a decreasing trend from the 1950s to the middle of 
the 1960s; it turns back in the 1970s and gets to the high-
est value in the end of the 1980s; there also appears to be a 
down trend in the1990s. Figure 5.a shows that the surface 
temperature in western equatorial Pacific has had an in-
creasing trend since the 1980s and annual anomaly bigger 
significantly. This feature is also appears in another corre-
sponding ocean area, where some research has shown that 
the frequency of El Nino happens become frequently and 
its strength stays in the bigger moment from the 1980s to 
1990s. [4] So we infer that the change of sea temperature 
closely connects with the frequency of El Nino; sea tem-
perature change has the opposite trend between middle of 
northern Pacific and east Pacific equatorial (Figure 5.b), 
there is a trend of high-low-high. In the area of southwest 
Pacific, the changing trend of sea temperature presents a 
persistently increasing trend and the interannual variabili-
ty is smaller (Figure 5.c).
Comparing Figure 5 with Figure 6, it is found that the 
changing trend of sea temperature is opposite in the west-
ern equatorial and in southeast of the Pacific, being simi-
lar with the surface sea temperature, and the amplitude of 
sea water’s temperature of interannual change becomes 
significantly large since the 1980s, while the changing 
trend of temperature in west or south of ocean is opposite 
to that in the area of east Pacific. 
Comparing Figure 5 with Figure 6, an opposite trend 
occurred between the west Pacific’s SST and southeast. 
Similar to SST, Ocean temperature annual anomaly am-
plitude was larger after 1980. An opposite change trend 
occurred between the southern area and west Pacific. 
The annual sea temperature change in the tropical 
ocean area (Figure 7a) of the western equatorial Pacific at 
the depth of 120 m since the 1980s becomes significant-
ly high and its changing trend is similar with that over 
the surface and at 40m, which reflects the increasing sea 
temperature’s interannual variability in the deeper layer 
since the 1980s, there is a increasing trend. It is the most 
sensitive and most remarkable area of Ocean temperature 
anomaly in the area of northern Pacific. For the middle 
Pacific (Figure 7.b), the change of sea temperature similar 
to the sine function form, and the sea temperature is at its 
peak in the 1960s and the middle of 1990s. In the tropical 
ocean area of the southeast Pacific (Figure 7c), the chang-
ing trend of sea temperature is opposite to that of the 
surface, furthermore the interannual variability begins to 
increasing from the 1970s. 
DOI: https://doi.org/10.30564/jasr.v3i2.1999
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Figure 5. Annual variations of the sea surface temperature 
in the sensitive area such as (a) 170°W-140°W; 0°N-8°N, 
(b) 170°W-140°W; 28°N-32°N, and (c) 155°E-165°E; 
8°S-16°S
Figure 6. Similar to Figure 5, but for sea temperature at 
40 m
DOI: https://doi.org/10.30564/jasr.v3i1.1858
Figure 7. Similar to Figure 5, but for sea temperature at 
120 m in the regions of (a) 150°W-130°W; 0°-10°S; (b) 
155°W-145°W; 40°N-50°N; (c) 140°E-150°E; 4°N-10°N
5. Conclusion and Discussion
In this study, the averaged monthly sea temperature’s de-
parture field over the past 45 years in three layers in the 
ocean area of northern Pacific is analyzed using the spa-
tial-temple synthesis method. The conclusions are sum-
marized as follows:
(1) The most sensitive area of the annual sea tempera-
ture change is in the middle to east equatorial Pacific, 
where the change can reach down to 120 m below sea 
level, but the spatial range becomes marginal from sea 
surdace down to the deeper sea; while the annual sea tem-
perature change is relatively small in west Pacific and the 
range is also smaller. The annual sea temperature change 
of the above sea surface in the west Pacific area (warm 
pool) clearly becomes larger than at 120 m and has the op-
2 999
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posite phase with the east Pacific; the observation shows 
that the initial departures of the sea temperature producing 
El Nino or La Nina mainly appear in the thermocline at 
about 150 m of ‘warm pool’, when developing to specific 
threshold, it transforms to the area of east tropical Pacific 
along with the climatic thermocline and ascends to the 
surface. The abnormality forced by atmosphere in western 
boundary of Pacific can cause abnormal temperature in the 
subsurface and mainly transforms to the east ocean along 
with the east passing Kelvin wave, finally it leads to the 
abnormality of the whole Ocean. Therefore, the changing 
relation of the opposite phase of the abnormally sensitive 
area of interannual change between west and east equato-
rial Pacific is the remarkable trait in the northern Pacific.
(2) The sea temperature change in middle to east equa-
torial Pacific is related to the opposite phase in west equa-
torial Pacific, which is the basic and main characteristic 
not only in the sea surface, but also in the whole sub-sur-
face.
(3) The sensitive area of the sea temperature in Pacific 
changes in different layers can better reflect the general 
trend of sea temperature in different sea layers. The Sea 
surface, which is affected by the east and west wind and 
is adjusted by the change of atmospheric circulations, 
presents evident uniformly. Meanwhile, the inter-annual 
abnormal signal of sea temperature in sub-surface can 
provide better signal to the circulation of ENSO.
(4) The inter-annual change of sea temperature shows 
an increasing interannual rate from the 1980s to the mid-
dle 1990s in the ocean’s surface and at 40 m below sea 
surface level, the increasing trend inosculates with the 
high frequency of El Nino. Thermocline presents the op-
posite change with the surface at a depth of 120 m. The 
break of interannual signal in the Pacific not only exists in 
the atmosphere and ocean’s surface, but also exits in the 
whole subsurface.
Acknowledgments
This study is supported by the National Science Founda-
tion of China (91837205, 41805032, 41975111).
References
[1] Zhang, C., J. Qi, J. Zuo, F. Zhang. The three dimen-
sional numerical simulation of thermocline in Yellow 
Sea and Bohai Sea, Acta Oceanologica Sinica, 1997, 
l9(6): 12-20.
[2] Hui, x., J. Chen, Y. He, L. Xu, G. Song. Sub-surface 
ocean temperature anomalies in the western Pacific 
and the anomalous ocean temperature west wars 
transferring in the north equatorial current, Advance 
in Waterscience, 2002, 13(2): 133-140.
[3] Chao, J., X. Chen, J.He. The baroclinic response of 
west tropical Pacific to wind stress, Chinese Journal 
of Ceophysics, 2002, 45(2):176-187.
[4] Chen, J., Y., He, S., Sun, L., Xu, G., Song, Y., Zhang. 
The west Pacific warm pool variation and its influ-
ence on subsurface ocean temperature field in the 
West Pacific, Acta Oceanologica Sinica, 2002, 24(3): 
35-44.
[5] Zhong, S., J. He, X. Liu. Decadal variability and 
abrupt change of upper-ocean temperature in the 
Pacific, Journal of Nanjing Institute of Meteorology, 
2002, 25(5): 595-602.
[6] Zhang R. H., S.Levitus. Structure and cycle of 
decadal variability of upper-ocean temperature in the 
North Pacific, J. Climate, 1997, 10(4): 7l0-727．
[7] Chen J., G. Song, J. Chu, L. Xu. Oceanic temperature 
anomalous signal path way in the equatorial Pacific, 
Advance in Waterscience, 2003, 14(2): 152-157.
[8] Chao J.P., The dynamics of El Nino and south-
ern oscillation, Meteorological press, China, Dec. 
1993,167-265
[9] Levitus S., A. H. Orto. Global analysis of oceano-
graphic data, Bull., Am., Meteor., Soc., 1977, 58: 
1270-1284.
[10] Bryan K., M.D. Cox, A numerical investigation of the 
oceanic general circulation. Tellus. 1967, 19: 54-80.
[11] Bryan K.. Pole ward heat transport by the Ocean: ob-
servations and models. Annu. Rev., Earth Planet.Sci., 
1982, 10: 15-38.
[12] Bryan K.. Climate and the ocean circulation, The 
ocean model, Mon., Wea, Rev., 1969, 97: 806-827.
[13] Zhao Q., Y. Li, S. Peng. The relationship of between 
upper sea temperature in Pacific near equator and．
The study on observation, simulating and diagnosing of 
interaction of sea-atmosphere over west tropic Pacific. 
Beijing, China Meteorological Press, 1996: 35-44.
[14] Chao J., Z., Wang, The simple interaction of Air-sea 
coupled waves-Rossby waves．Acta Meteorologica 
Sinica, 1993, 51(4): 385-393.
[15] Gu D.F., S.H. Philander, Inter-decadal climate fluctu-
ations that depend on exchanges between the tropics 
and extratropics, Science, 1997, 275(5301): 805-807.
[16] Meller G. L., P. A. Durbin, The structure and dy-
namics of the ocean surface mixture layer, J. Phys. 
Oceanography, 1975, (5): 718-728.
[17] Lin Chuanlan, Some features of heat content changes 
of the oceanic upper layer in northwest Pacific during 
1964-1982, Tropic Oceanology, 1990, 9(2): 78-85.
[18] White W. B., S.E. Pazan, G. W. Withee, C. Noe, 
Joint environmental data analysis (Jeda) center for 
scientific quality control of upper ocean thermal data 
DOI: https://doi.org/10.30564/jasr.v3i2.1999
10
Journal of Atmospheric Science Research | Volume 03 | Issue 02 | April 2020
Distributed under creative commons license 4.0
in support of TOGA and WOCE. EOS Transaction, 
American Geophysical Union, 1988, 69: 122-123.
[19] Meyers, G., L. Pigot. Analysis of frequently repeated 
XBT lines in the Indian Ocean. CSIRO Marine Lab-
oratories.Technical Report, 2000, 238: 43.
[20] Horel D.. A Rotated principal Component analysis of 
the interannual Variability of Northern Hemisphere 
500hpa high filed, M. W. R., 1981.
[21] Jin L., B. Zhang, J. Chou. The synthesis analysis on 
vertical structure of the monthly mean circulation 
anomalies over the northern hemisphere, Science At-
mospheric Sinica, 1993, 17(3): 310-318.
[22] Nitta T, S. Yamada. Recent warming of tropical sea 
surface temperature and its relationship to the North-
ern Hemi-sphere circulation．J. Meteor. Soc. Japan, 
1989, 67 (3): 375-383.
[23] Levitus S.. Annual cycle of temperature and heat 
storage in the world ocean. 1984, J., Phys., Oceanogr.
[24] Graham N., E., T. P. Barnet, R. Wilde, et a1, On the 
roles of tropical and mid-latitude SSTs in forcing 
interannual to inter-decadal variability in the winter 
Northern Hemispheric circulation, J. Climate, 1994, 
7(8): 1416-1441.
[25] Zhang Y., J.M.Wallace, D.S. Battisti, ENSO-like 
decadal-to-century scale variability: 1900-l993. J. 
Climate, 1997, 10(5): 1004-1020.
DOI: https://doi.org/10.30564/jasr.v3i2.1999
